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iMturca  of  Building  Roods  in  Anno-Trozen  Gk'ciuiid  Regions 

by 

N*  AizakoT 

In  conformity  with  the  ssTon  year  plan  for  dsTslopihg  the  notional  aeonoogr  of 
the  Usai  in  many  inportant  eeonomleal  raglona,  the  territory  of  which  is  partially 
situated  in  the  zone  of  perms^frost  grounds,  it  becootes  necessary  to  derelop  auto- 
tranaportation.  In  this  eonnection  constructors  of  auto  roads  in  these  regions  are  faced 
with  the  task  of  solving  numerous  teehnieal  problems  eonneeted  with  the  local  natural 
characteristics* 

In  the  Magadansk  region,  in  Yakutia,  in  regions  of  Horll'sk  and  Vorkuta  many  auto^ 
mobile  roada  haze  already  been  built.  The  experience  of  their  planning  and  operation 
allows  to  formulate  proper  teehnieal  instructions  for  further  development  of  road  eon-^ 
atruetion  under  analogous  conditions  of  the  North* 

As  is  known,  the  natural  conditions  of  extrema  North  and  North*ftist  are  distinguished 
first  of  all  by  the  rou^  polar  eliamte  (duration  of  winter  8  •  10  months,  air  tem¬ 
perature  to  •  63^*  snowstorms  and  winds  with  a  speed  of  up  to  40  m./see,  short  rainy 
Sumner) .These  ellsmtie  characteristics  make  road  building  very  difficult* 

Ihrtharmore*  for  the  construction  of  roads  the  local  geological*’^  hydrolcgieal 
eondltiona  are  highly  unfavorable.  The  ice-saturated  soils  situated  not  too  deep  from 
the  surface  loae  their  strength  during  thawing,  forming  greater  and  irregular  sags. 

The  presence  of  impermeable  peroa-frozen  grounda  near  the  surface  createe  conditions 
for  the  formation  of  ground  pressure  superfreezlng  waters.  During  winter  time  freezing 
of  the  ground  these  waters  cosm  up  t*  the  surface  in  form  of  ice  layera,  flooding 
roads  and  artificial  installations.  In  the  southern  part  of  these  regions  is  observed 
a  sharp  bulging  of  the  earth  and  especially  pile  aupports  and  foundations  of  mwll 
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•rtifLelAl  InatallationB.  In  flatl»ad«  tuxidra  or  bottom  lands,  and  also  along  nsrsh 
lands  axidwat^^rsheds  and  inelinsd  slopes  of  forest  zona  it  is  often  impossible  to 
lay  reserTas  for  use  of  local  grounda. 

In  addition  in  the  mountainous  regions  of  the  North  and  North-last  are  scattered 
grareL-wood  or  graTel-sand  and  sandy  loam  grounds,  suitable  for  road  works. 

Finally,  to  the  luifaTorable  qjuallties  of  road  building  in  the  discussed  regions 
we  must  also  add  the  higher  coat  of  road  building,  connected  with  specific  local  con 
ditions  (diatanee  from  central  regions  and  the  limlttedness  and  periodicity  of  trans 
port  links,  poor  industrial  base  for  road  construction,  absenee  of  a  fixed  open  pit 
installation  etc,). 

Ibking  under  consideration  all  the  enumerated  features  it  is  possible  to  make 
the  following  baaic  reconmendatimas  on  the  planning  and  construction  of  automobile 
roads  under  conditions  of  perna-frozen  grounds. 

When  laying  out  an  automobile  road  it  is  necessary  to  plan  same  if  possible  over 
rocky  and  skeletal  grounds,  the  thawing  of  which  causes  no  defoorantion  of  the  earthen 
roadway. 

In  intersected  and  mountainous  regions  roads  should  be  built  orsr  ‘valleys  and 
over  windward  sloping  inclines,  avoiding  the  bottoms  of  the  slopes,  where  in  the  win 
ter  time  snowdrifts  do  accumulate.  Under  other  conditions  being  equal  roads  should  be 
built  over  slopes  of  southern  exposure,  where  there  is  lesser  icing  and  i>eatinesa 
of  the  grounda. 

When  building  euto-roads  over  flatlaads  it  is  necessary  to  avoid  sections  with 
unfavorable  frozen  st  te  hydrogeological  conditiona  (  with  close  by  deposition  of 
interred  ice,  with  unstable  ice-saturated  grounds),  as  well  as  sections  exposed  to  snow 
drifts  and  ice  formation.  When  its  is  necessary  to  lay  a  road  near  effective  ravines, 
steep  (steeper  than  lt5)  inclines  with  ice  saturated  grouztds,  when  intersecting  sec¬ 
tions  with  formations  of  ices  and  bulges,  drainageless  spaces,  hollows  in  coherent 
and  ice-saturated  dust  like  grounds  individual  planning  of  measures  should  be  provided. 
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ill  order  to  ■■aura  stability  of  the  aarthan  roadway  of  tba  rood  against  danagas*  Sao 
tlons  of  indiTldoal  planning  should  ba  dasignatad  in  the  period  cf  preliminary  explo" 
rations  and  theroui^ly  inTostigatad  during  anglnaaring-  geologioal  explorations* 

ITelimlnary  designation  of  sections  with  underground  iee  depositions  nay  be  real¬ 
ised  on  the  basis  of  aerial  photography  in  scale  of  lt20000*  which  well  fixes  the 
polygonal  forms  of  the  eutfaoe  of  the  tundra*  typieal  for  sections  with  close  depo-' 
sits  of  under^pround  ice  veins. 

Whan  making  a  detailed  exploration  of  sections*  requiring  individual  planning* 
frosanF-^round  photo  is  made  in  seals  of  li5000.  Xlectric  exploration  can  ba  used 
for  outlining  sections  with  underground  ice* 

The  earthy  roadbed  of  automobile  roads  under  conditions  of  sireading  perma-froaan 
(pounds  should  ba  built  preferably  ovar  embankments*  The  height  of  the  embankment  is 
determined  in  relation  to  the  properties  and  condition  of  the  grounds*  with  eonslderw 
ation  of  the  effect  of  const  mot  in^he  embankment  un  the  position  of  the  upper  boun¬ 
dary  of  permafroaen  grounds  under  giren  hydrological  and  climatic  conditioos*  and  with 
conaideration  of  the  snondrifts  as  well. 

In  crushed  stone  grounds*  having  no  iee  layers  through  the  entire  depth  of  their 
thawing*  as  well  as  in  less  ley  fine  grained  grounds  with  humidity  of  less  than  0*6 
from  point  of  fluidity  (  regardless  of  their  temperature)  the  earthy  roadway  can  be 
planned  in  accordance  with  general  standards  and  technical  conditions* 

In  fine-grained  grounds*  with  e  humidity  of  less  than  0*8  -  0*9  of  the  fluidity 
point*  and  especially  in  sandy  and  sandy  loam  grounds*  in  localities  with  assured 
water  drainage  at  unstable  nature  of  freesing*  with  temperature  in  the  sons  of  zero 
amplitudes  of  no  lees  than  •  2*  the  earthy  roadbed  is  planned  with  consideration  of 
preliminary  thawing  euid  drying  of  grounds  of  the  active  layer* 

In  fine-grained  ioe-saturated  soils  with  humidity  of  more  than  0*8  of  fluidity 
point  at  stable  nature  of  freezing*  with  temperature  in  the  zone  of  zero  amplitudes 
of  not  more  than  -3®  the  earthy  roadbed  should  be  planned  in  embankments  by  the 
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Mthod  of  partial  prasemtioa  of  soila  of  th«  aotiro  lajrtv  ia  froxen  atata  without 
diaturbing  the  natural  contour  of  the  loeality.  The  height  of  the  embankaant  ahould 
be  determined  by  theruoteohnloal  oaleulation  with  testing  for  atrangth.  To  presenra 
the  natural  eoadltiena  the  vegetation  layer  is  not  removed,  roots  are  not  uprooted, 
but  cut  in  level  with  the  jpround.  Timber  and  shrubs  are  eut  only  along  the  strip, 
dasl^iated  direotly  for  the  earthy  roadbed  and  other  installations. 

The  most  widely  emplogred  method  of  constructing  roads  (auto  roads)  in  regions  of 
permafrost  grounds  is  the  one,  when  all  structural  measured  ars  carried  out  with  eon- 
sideration  of  preserving  the  frosan  state.  Applicable  to  this  method  we  are  discussing 
below  a  number  of  most  effective  maasuras,  recounendad  for  road  builders. 

adtankmant  of  draining  grounds  should  ba  built  only  in  wintar  tism,  after  partial 
fraeziag  of  active  layer  soils,  assuring  the  passing  of  autonobiles.  The  embankment  is 
built  to  full  height  with  layer  packings.  With  the  advent  of  positive  temperatures 
the  Job  of  buildixg  the  embankment  should  ba  diseoatinuad. 

Whan  it  is  naeessary  to  raduaa  (baeausa  of  eonditions  of  applying  the  projeeted 
line)  the  height  of  the  embankment  in  eooparison  with  the  celeulatad  one  it  is  adviB>^ 
able  to  add  to  its  eomstruetlon  heat  insulating  layers  from  loael  struetural  msterials 
(  bellows,  peat,  dust,  slag)  or  raplaoa  the  unstabla  dusty  bulgy  grounds  with  drain ^ 
age  stable  grounds.  The  thioknasa  of  the  replaead  layer  together  with  the  ambantament 
is  determined  by  oaleulation.  It  should  ba  no  lass  than  0,8  m.  Over  horizontal  see^ 
tions  and  slant ingslopas  with  lateral  sloping  of  up  to  lt5  (20]0  the  height  of  the 
embankment  from  the  hill  side  should  also  be  no  le^s  than  0,8  m  (  without  grooves). 

In  fins-grained,  ioe  saturated  soils  with  a  oapaeity  of  the  active  layer  kg  of  smre 
than  1,5  m,  and  also  during  the  presanoe  in  the  base  of  the  embanloaemt  at  a  depth  of 
less  than  2hg  of  i  .e  veins  or  hurried  ioe  the  height  of  the  embankment  should  be 
accepted  by  the  technological  calculation,  but  no  less  than  1,5  m  with  an  arrai^ment 
under  the  mabanksmnt  of  an  insulation  layer  made  up  of  local  little  heat  oonductiva 
materials  (  bellows,  dry  peat  with  a  thickness  of  30  cm  or  pole  floor) , 
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Along  Metiooa  with  intorrod  loo  ombonkaonto  are  plaxmod  with  b«nu  of  3  ooters 
in  width  on  aoeh  aid*.  0,6  to  1  a  in  haight  to  prorant  eontaot  of  slopes  with  daily 
surfaea  agpiinat  the  affaeta  of  aalting. 

On  slopes  staapar  than  Li3  the  haii^t  of  tha  aabankaant  oada  of  draining  soils  should 
be  no  lass  than  0*6  a«  In  this  oasa  are  naeassary  ledges  with  peat-aoss  insulationi 
no  gutters  are  neoessary* 

In  paaty-hilloek  full  tundras*  peat  bogs  and  watersheds  embankBents  should  be  Bade 
of  drainage  soils  with  a  haight  of  no  lass  than  1  b  orar  log  floorings. 

In  swaopad  sections  is  raeomnaadad  preliminary  drainage  of  land  rasarToa  by  surfaea 
water  drainage,  khan  building  enbankmants  of  undrainad  dust  like  argillaeeous  soil 
and  sandy  loams  their  permitted  humidity  (sioiatura)  should  be  not  more  than  1.2  of  tha 
optlfflumt  Dm  upper  part  of  tha  ambankmant  should  be  builts  of  skeletal  sand  loam 
not  dusty  soils  with  a  thleknasa.  determinable  by  ealeulation.  but  no  less  than  0.4 
m.  Decree  of  packing  the  soil  should  be  no  less  than  0*9  • 

Gaps  should  be  built  only  in  nonsagging  stable  grounds.  Over  seetions  with  sub’" 
tarranaan  iee  gape  are  paraittad  only  under  conditions  of  iea  deposits  abcnra  tha 
planned  markings  of  tha  borders  of  tha  aartby  roadbed.  Iee  in  the  slopes  should  be 
ramored  and  replaced  with  drainage  soil  for  a  calculated  depth.  If  the  eonstruetion 
of  gaps  in  iea«saturatad  soil  cannot  be  aroidad.  we  speak  hare  about  soils  which 
during  thawing  turn  into  liquid  state,  such  earth  must  be  replaced  by  drainage  soil 
stable  to  a  depth,  datarminebla  by  calculation,  but  no  loss  than  0.8  m  from  tha  edge. 

with  drainage  of  water  from  - ~troujd^  into  channels  or  trays.  Cut  outs  (gaps) 

with  a  depth  of - up  to  2  m  should  be  built  only  in  open  form.  Gape,  cutting 

through  water  bearing  horizons,  should  be  fenced  off  by  drainage  installation  or 
counter  icing  installations. 

Slopes  of  end>ankments  and  gaps  are  planned  by  general  NilU.  with  the  exception 
of  wet  ffipa  where  the  slopes  should  hare  a  foundation  of  lt3.  The  lower  part  of  slopes 
should  be  reinforced  or  coTerad  with  tharmoinaulation  wL  th  such  a  eonsidaration.  that 
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thwe  Should  b«  no  inereaao  in  aotlT*  layar  under  the  slopea.  Reinforeing  of  slopes 
is  naoessary  Inaaedlately  after  ecmpleting  the  earth  piling  taslce  and  after  eompleting 
the  thenaoinsulation  layer  -  in  the  prooess  of  their  execution*  Obligatory  reinforcement 
goes  for  slopes  of  gaps  and  endbankaents*  made  of  clayey  grounds*  fine  and  powder  like 
sands* 

Water  drainage  in  skeletal  soils  is  realized  by  ordinary  channels*  On  sloping  see 
tions  are  built  raised  gutters*  The  lower  edge  of  the  gutter  on  sections  without  the 
presenee  of  Icicles  is  situated  not  closer  than  5  m  from  the  edge  of  the  slanting 
gap,  and  on  highly  ice  saturated  soils  -  not  closer  than  20  m*  In  swampy  areas*  where 
under  the  regetation  layer  are  situated  hig)^  ice  saturated  soils  or  ice  reins  and 
interred  iee*  the  building  of  mountainous  water  drains  is  not  necessmry*  In  this  case 
water  drainage  is  providea  by  the  building  of  a  mountain  frozen  state  8haft*plaoed 
not  closer  than  IS  n  from  the  bottom  of  the  einbankment.  Ibe  slopea  of  the  shaft  an 
bottom  of  embankment  slope  are  reinforced  with  wooden  shields  on  moss*  Height  of 
the  frozen  shaft  should  by  no  less  than  0*7  m*  For  greater  stability  the  frozen  shaft 
is  thermoinsttlated*  and  on  slopes  with  a  steepnes  of  It3  in  its  interior  is  built 
a  fencing* 

Water  passing  sanHsade  installations  along  the  length  of  automobile  roads  are 
situated  at  rarlcus  sections  and  in  lower  places  by  no  less  than  200-300  m*  and  along 
sloping  sections  arery  100-200  m* 

Remoral  of  water  from  the  road  should  be  assured  before  the  earthy  roadbed  is  being 
prepared*  In  the  construction  of  water  draining  structures  operations  in  stages  are 
not  permitted* 

Trough  in  ice  saturated  soils*  where  a  greater  number  of  sags  can  be  anticipated, 
they  should  not  be  situated  closer  than  20  m  from  the  field  edge  and  their  depth 
should  be  minimal*  The  necessary  profile  of  the  troughs  in  these  case  is  prorided 
on  account  of  their  broadening.  Minimum  longitudinal  tiltinge  of  troughs  is  accep¬ 
ted  at  0.003  -  0*005. 
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When  rlT""*"e  Md  building  autcoobile  rondn  by  the  preliminary  thawing  method  ('opening*) 
of  frosen  ground  it  is  neeesaary  to  take  a  number  of  additional  atepa,  intended  to 
apaed  up  the  thawing  and  draining  of  froaen  ground,  lb  aueh  meaaurea  beloxig  first  of 
all  the  conatructlon  of  cut  tbroui^  beyond  the  limita  of  embankment  -  alopea 

and  gapa  or  alopaa  of  trougha  at  a  distaBea»  agualllng  the  height  of  treaa.  In  addi¬ 
tion,  by  the  full  width  of  the  aartlqr  roadbed  with  raaerTaa  la  remorad  the  moaa-Tage 
tation  Uyer  and  roota  of  treaa  are  uprooted.  To  trap  and  drain  water, forming  during  the 
thawing  of  froaan  ^ounda  and  during  the  opening  of  water  bearing  horiaona,  in  bi«^ 
land  alopaa  will  be  built  deeper  raiaeu  trougha,  drainagea,  paaaagea,  additional  drai^ 
naga  ohannela,  filtering  dama. 

If  preliminary  drainage  of  aoll  in  the  base  of  embankmenta  cannot  be  dona  rapidly 
then  the  lower  part  of  the  latter  ahould  be  built  of  drainage  aolla.  In  rough  polnta 
is  permitted  the  laying  of  a  timber  floor  I2«l6  am  in  diameter. 

The  height  of  the  embankment  built  of  drainage  aoil  is  determined  by  strength 
calculation.  If  the  ground  has  soft»plastie  conalstenoy,  then  the  hei^t  of  the  e»i 
bankmsnt  should  be  no  less  than  0.4  m» 
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